ABSTRACT
INTRODUCTION
Hydro-Quebec pays a careful attention to dips and to their effects on its customers. Several HQ Distribution projects are dealing with this type of voltage disturbance:
• Fault location (MILE) [1] , • Combined impact of voltage level reduction control and voltage sags on sensitive customers, • Dip classification. These projects are based on dip detection and recording, using different monitoring configurations, for disturbance analysis purposes. Five overhead distribution lines (urban, semi-urban and rural) with poor dip performance are permanently monitored within MILE project. Resulting data is stored automatically in a SQL database and it is available for analysis and post treatment. The results of the study of voltage variation events are discussed in this paper in two steps.
MONITORING SYSTEM
The voltage and current monitoring systems used by HQ include two configurations • Multifunctional revenue meters (ION 7700) capable of detecting and recording PQ disturbances and waveform capture.
• Intelligent revenue meters (ION 7650 and ION 8600) partially complying with international standards and capable of detecting and recording PQ disturbances and waveform capture. User has access to functions programming.
RESULTS

Step 1
From September 2005 to August 2006 within the fault location system (MILE) project, 11 revenue meters with PQ capabilities were used to monitor dip occurrence on two overhead distribution feeders supplied from different substation. During a period of 401 days, the IEDs recorded 2939 voltage variation related events including dips, short interruptions and long interruptions.
Weather influence on dip behavior and statistics on dip occurred during stormy days and normal weather days
The diagram in Figure 1 shows the dip temporal distribution over the survey period. More than half voltage disturbances were recorded in 24 days of adverse-weather. 0  13  26  35  44  57  64  82  90  107  126  167  188  204  224  263  303  315  325  347  360  372 389
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Figure 1. VVW Temporal Distribution (daily)
All those days show a peak in dip occurrence. Table 1 illustrates those days and the corresponding number of recorded events. Sizing of SCADA system from dip and outage statistics Monitoring devices, elements of a distribution integrated monitoring system, are continuously transmitting data. It is important to evaluate the amount of data transmitted instantaneously because it cannot exceed the data transfer capacity of the SCADA system. For systems that require a short processing time, the interval between the waveform capture and its analysis by qualified personnel should be as short as possible. For the MILE system, a 5-minute processing time (time for fault location) was considered optimum for efficient grid operation. Figure 2 presents the rate of recording for all instruments by 5-minute period. A maximum of 29 outages were recorded. The maximum number of recorded voltage variation waveforms is obtained by multiplying the maximum rate of outage by the ratio of voltage variation per outage with the mean number of instruments deployed along the feeder. The voltage variation per outage was previously calculated at 2.17 and the mean number of instruments deployed by feeder is 4 for the MILE system. The SCADA system should be able to receive 252 event waveforms in a 5-minute period and the MILE fault location system to analyse them.
Step 2
In September 2007, 21 more monitors were installed on five new poor performance feeders and a substation. This section of the paper includes the analysis of data recorded on three of the five feeders and the substation.
Balanced and unbalanced dips
The majority of voltage dips are unbalanced, with three different voltage magnitudes. The unbalance is rarely included in voltage-dip statistics. One of the reasons is the absence of a generally-accepted classification method. The method used in this paper has been proposed by an international working group [2] :
• Type I: a major drop in magnitude for one phase-toneutral voltage or for two phase-to-phase voltages.
• Type II: a major drop in magnitude for two phase-toneutral voltages or for one phase-to-phase voltage.
• Type III: a major and about equal drop in magnitude for all three phase-to-phase or all three phase-to-neutral voltages. Prague, 8-11 June 2009
Paper 0346
CIRED2009 Session 2 Paper No 0346
Statistics on recorded dips (type I, II and III) and short interruptions over one year period Dips recorded on two of monitored feeders were categorized in Type I, II and III. They are supplied from different substations and one is classified as semi-urban and the other is classified as rural. There were three monitors along the semi-urban feeder, and four along the rural one. The three locations on the semi-urban feeder showed similar results. The four locations on the rural feeder also showed similar results. The results from the locations where the highest number of dips was recorded are illustrated in Table  2 and Table 3 . Most of the dips shown in Table 2 The majority of dips in Table 3 are of Type I, followed by Type II and III. The number of interruptions is high. Values in Table 4 are obtained from Table 2 and Table 3 . Despite the fact that the length of the semi-urban feeder is much shorter than the length of the rural one, the corresponding index of number of dips per km is far greater (12.5 versus 1.71). This could be interpreted that the semi-urban feeder needs more maintenance. However, this result didn't explain the number of outages per km on both feeders, 0.19 (semiurban) and 0.13 (rural). The feeder corresponding number of dips also includes dips originating in transmission and adjacent feeders. A more realistic index will be based on the number of dips per total length of the feeders supplied by the same substation. Resulting index values are 0.73 and 0.62 are shown in Table 4 . Weather influence on dip occurrence is a proven factor. Previous studies indicate that dips must be monitored over one year to obtain accurate results. Statistics from this study based on data collected on two feeders, show discrepancies between numbers of dips recorded during the same month in consecutive years, as appears in Table 5 and Table 6 . For better accuracy on dip statistics on distribution feeders or substations, the dip monitoring period should cover several years. 
Percentage of dips originating in transmission system among the dips recorded at substation and LV sites
The type and number of dips recorded along a feeder with a poor dip performance and at the substation supplying it, over six months period, are presented in Table 7 . The number of dips recorded at substation includes dips originating in the transmission system and part of the dips originating in the feeders supplied by substation. It does not include shallow dips which were not detected by the substation monitor but were detected by some feeder monitors. This was the case for two Type I dips and two Type II dips with residual voltages from 82-87%. For this particular feeder, 40% of events originated in the transmission system and adjacent feeders (5), while 60% originated in the feeder itself.
DISTRIBUTION NETWORK CONFIGURATION
There are a number of important differences between typical distribution networks in Europe and in North America. Some of these differences affect the number and type of voltage dips experienced by the end customers. The most important difference, from a voltage-dip viewpoint, is the system earthing. In most European countries, the medium-voltage network is non-effectively earthed. Earthing may take place via a relatively small resistance, a high resistance, a high inductance, an inductance tuned to the total capacitance of the network, or no earthing at all. What all these types of system earthing have in common is that single-phase faults do not impact the voltages at the terminals of end-user equipment. There are thus no voltage dips due to single-phase faults in non-effectively earthed systems.
The ratio between single-phase and multi-phase faults may differ between networks, but in almost all cases the majority of faults are of single-phase nature.
Other differences are that European distribution networks are to a larger extent underground, which will result in fewer faults and thus fewer dips.
With all this, it should be noted that a large part of voltage dips experienced by low-voltage customers are due to faults in transmission and subtransmission grid. Transmission and subtransmission systems in Europe and North America are structured in a similar way. Therefore no big differences are expected for dips due to faults at these higher voltage levels.
CONCLUSIONS
The analysis of voltage variations (dips, short interruptions, interruptions) related data allowed drawing relevant conclusions:
• Distribution network configuration and dip monitoring location affects recorded dip residual voltage amplitude and duration. There is a significant variation in residual voltage amplitude between dips recorded at substation and further down the feeder. It depends on the level of fault current. Dip statistics from monitoring at the end user's service entrance give a better idea of what his equipment is seeing.
• Weather and vegetation are the most important factors causing dips affecting the overhead networks. High levels of dip occurrence are related to bad weather conditions. • Without a fault location DA application, the tree trimming strategy per feeder could use the ratio nb. dips/km index. A different strategy, which uses as the index the ratio of number of dips per feeder per total length (km) of the feeders supplied by the same substation, can also be applied.
• Extrapolating the results of dip monitoring periods of one year is subject to error. Several years of monitoring are required for better statistical accuracy.
